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Home Fires

e 4,000 Deaths/Year

in US Home Fires - highest of

Developed Countries n

°37 % from Upholstered | -
Furniture Mattress and Bed ﬁ‘ ¥ .

Fire stics: soc. 1996

3 minutes to flashover !

NIST Bunk bed Study: www.fire.nist.gov
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III- Char Forming Flame Retardants

- Operate in Condensed Phase

- Provides thermal insulation for underlying polymer and a mass
transport barrier, preventing or delaying escape of fuel into the gas
phase.
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Delaminated or
Exfoliated

Intercalated

polymer clay nanocomposite morphologies




Jomposite: TEM

100 nm

Gilman, et al, Chemistry of Materials; 2000; /2; 1866-1873
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ENEGCOmMpoSites Cone Calorimetry
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—H5—PP-g-M A (mass fraction 0.4 % MA)
---®--- PP intercalated + delaminated (mass fraction 2 % silicate)

==O--- PP intercalated + delaminated (mass fraction 4 % silicate)
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) Flammability of Polymer Clay

Nanocomposites Lonsortium

~1997 - 2000

Year One Annual Report:Gilman, et al, NISTIR 6531




R Clay reinforced Carbonaceous Char

TEM

Reduced Flammability
with
Improved
Mechanical Properties
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mmonium degradation

Polymer degradation
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—#H— PS immiscible (3 % NaMMT)
--@--

PS intercalated (3 % 2C18-MMT) extruded at 185 °C
_e_

PS intercalated/delam (3 % 2C18-MMT) extruded at 170 °C
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Gilman, et al, Chem. Mater. 2000
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PEAYBMEBIMEMMiF Nanocomposite

" Prockssing Temp
290 °oC |
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Polymer Nano- Counter- Organic Processing Other Flame
additive Ion Treatment Conditions additives Retardant
PE MMT Na Alkylammonium | Temperature | Stabilizers | Phosphate
PP Mica Ca Imidazolium Shear Processing | Halogenated
PS Hectorite Cu Crown Ether | Residence time [OAY% Silicon Based
PA6 Saponite Fe... Silated Antioxidant
PU Laponite Carboxylate 1G]
PVC silica Pigments
PC
PEO
PMMA
EVA
~ 10 ~5 ~5 ~ 10 ~ 10 ~ 10 ~ 10
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Coat sensing film with
test material

Pads

Sensing Film

Contact —
Thermometer Plate /

SiO2 Base Layer

Correlate  changes in
power demand needed to
maintain the specified
heating rate with mass
loss  from degrading
polymer
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piglEieNHamimability Screening

® Col1vsPs#?2
500 - m Col1vsPS/Clay #1

S 400 -

5 300 -

"éi PS/Clay at
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mple Preparation

According to MicroFab Technologies, drop volumes as
low as 20 pL can be dispensed.
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High-throughput flammability screening on small (~ 1 ng) samples




XLl pun giGhadient Samples

Gravimetric feeders

L.
)

Extruded sample with FR gradients

=W L

In-line sensors:

light scattering, FTIR, optical, NMR; or off
line High Throughput, TGA, X-Ray
Absorption System




Horizontal'-ignifiifw
Flammability Test




Flux

m HIFT 50mm N of mid-line
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P'rogression of Flame Front

PS with APP/PER
Flame retardant
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Ming nanotechnology with high-
put™ experimentation, we can
the effect of additives and
gﬁ\ de Industry with a powerful
ool for' the development of a new
generation of high performance, low
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ods Center at NIST

New Consort
High-Throughput Methods £

will work with project teams, consisting of 3 or more
companies, to develop generic tools for high-throughput
formulation, characterization, and flammability

performance screening of materials and fire retardant
systems.




" RESEARCH TEAM

Marc Nyden, Rick Davis, John Shields, Walid Awad,
Takashi Kashiwagi, Richard Harris, Lori Brassell, Kathy Butler, Michael Smith, Roy McLane
BFRL/NIST

David VanderHart, Atsuchi Asano
MSEL/NIST

Doug L. Hunter

Southern Clay Products Inc.
Thomas Sutto!> Paul C. Trulove”> and Hugh DeLong?

INaval Research Laboratory, Washington, DC
2 Air Force Office of Scientific Research, Arlington, VA
3 Naval Academy, Annapolis, MD

Advanced Technology Program -Monitored by John Hewes and Felix Wu
FAA, Richard Lyon at William J. Hughes Technical Center (Interagency Agreement DTFA03-99-X-90009)
Air Force Office of Scientific Research (ISSA - AFOSR- ISSA-01-0001 )
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